Objective: To describe the subtypes, motor function, and comorbidities of cerebral palsy (CP) in children in Chengdu, China. Methods: A cross-sectional survey of children with CP was performed in 2013 and participants were enrolled from the branches of China Disabled Persons' Federation in Chengdu. Diagnosis, clinical subtypes, gross and fine motor function outcomes, and comorbidities of CP were determined through caregiver interviews, evaluation of medical records, and thorough physical examinations. Results: Four-hundred and twenty-two children were diagnosed with CP (mean age, 7.7 ± 3.8 years). Spastic diplegia was the predominating subtype (35%). Mild impairments in gross and fine motor function were present in 45% and 52% of the patients, respectively. Cognitive impairment (60%) was the most common comorbidity, and was followed by language disorder (41%) and microcephaly (35%). About 79% of children with cerebral palsy had at least one comorbidity, and the number of cumulative comorbidities was positively correlated with Gross Motor Function Classification System and Manual Ability Classification System scores.
Introduction
Cerebral palsy (CP) encompasses a group of permanent disorders of movement and posture that are often accompanied by disturbances in sensation, cognition, and communication [1] . CP is the major cause of childhood physical disability, with an estimated prevalence of 2 to 2.5 per 1,000 live births in developed countries [2] , while in developing countries the prevalence varies from 2 to 10 per 1,000 live births [3, 4] . The etiology, subtypes, and outcomes of CP have been well characterized in developed countries. Several risk factors of CP have been identified. These risk factors may be prenatal, perinatal, postnatal, or a combination of the above [5] . Spastic CP is typically cited as the predominating subtype and has a high reported prevalence of 65% to 98%. This is followed by dyskinetic type (2% to 15%) and ataxic type (1% to 11%) [6] . In developed countries, most children with CP (56-69%) are reported to have mild gross motor impairment (gross motor function classification levels I-II) [7, 8] .
Comorbidities of CP are also well documented in developed countries. For instance, the prevalence rates of speech, cognitive, and visual comorbidities in children with CP were 42%, 31%, and 34%, respectively, in Australia [9] .
While there are abundant data regarding CP in developed countries based on systemic population-based surveillance registries [10, 11] published in Chinese. The objective of this study was to determine the clinical spectrum of CP in a large cohort of Chinese children, with emphasis on clinical subtypes, motor function outcomes, and comorbidities.
Methods

Study design and setting
We conducted a cross-sectional survey of children registered as having CP in the branches of China Disabled Persons' Federation (CDPF) in Chengdu. The CDPF is a national organization aiming to protect the rights of disabled individuals in China, and provides them with rehabilitation, education, and many other services. Chengdu is located in Western China and consists of 20 administrative regions. Each of the administrative regions has one branch of CDPF.
Individuals with various types of disabilities, including CP, register with the organization after referral from hospitals and doctors. As China has no national institution especially set up for CP, we chose the CDPF as our study's entrance point. The study was approved by the Ethics Committee of West China Second University Hospital of Sichuan University. Written informed consent was obtained from the parents of the children.
Participants, recruitment, and case ascertainment
Children were eligible to participate if they met all of the following inclusion criteria: (1) resided in Chengdu, (2) born between 1995 and 2013, and (3) registered as having CP in a branch of CDPF in Chengdu. All eligible children of an administrative region were recruited to the corresponding branch of CDPF and the diagnosis of CP was then ascertained based on the 2007 consensus CP definition [1] . Case ascertainment was performed by a team consisting of child neurologists, rehabilitation physicians, and therapists from West China Second University Hospital. Children who presented with one or more of the following were excluded: (1) progressive motor disorders, (2) evidence of developmental regression, (3) muscular or spinal diseases, or (4) hypotonia or mental retardation as the sole clinical feature.
2.3Data collection and variable definition
Information related to age, gender, gestational age, birth weight, maternal disease during pregnancy, complications during delivery and neonatal period, developmental history, family history, auxiliary examination results, rehabilitation intervention, etc., was collected using a self-made questionnaire through interviews with the caregiver and review of medical records. CP was classified into spastic, dyskinetic, ataxic, and mixed type based on the main motor type.
Spastic CP was further divided into hemiplegic, diplegic, and quadriplegic according to topographic patterns. Motor function outcomes were assessed using the Gross Motor Classification System (GMFCS) [12, 13] and the Manual Ability Classification System (MACS) [14] . The GMFCS is a valid and reliable classification system for gross motor function in children with CP and is focused on self-initiated movements in sitting, transferring, and mobility. The MACS evaluates hand functioning in daily activities of children with CP aged 4 to 18 years. Both classification systems are age-related five-level systems, where level I represents the least limitation and level V represents the most limitation. GMFCS levels were determined in all CP children by senior physical therapists, and MACS levels were determined in children Seven comorbidities were documented in the survey. Visual impairment was assessed using a picture chart or by observation of the child's ability to follow the light of a flashlight. Visual impairment was defined as an acuity of no more than 0.3 after correction or with no response to light in the better eye. Hearing impairment was assessed using audiometry and documented when a child had 70 dB or greater hearing loss in both ears. Cognitive impairment was defined as an intelligence quotient (IQ) <70 (IQ measured using the Wechsler scale [15, 16] or estimated from clinical observation). Language disorder referred to language impediments in comprehension or expression and was assessed by senior child neurologists. Behavioral disorders were assessed using the 10th revision of the International Statistical Classification of Diseases and Related Health Problems classification of mental and behavioral disorders [17] .
Microcephaly was defined as a head circumference more than 2 standard deviations (SDs) below the mean for age and gender [18] . Head circumference was measured by placing a non-elastic measuring tape around the cranial vault to include the widest part of the forehead and the most prominent part of the occipital area to the nearest 0.1 cm. Epilepsy was defined as two or more unprovoked seizures, excluding neonatal or febrile seizures.
Potential risk factors associated with CP were identified by reviewing prenatal, perinatal, and neonatal histories of each child. Preterm birth was defined as a gestational age less than 37 weeks. Low birth weight was defined as a birth weight less than 2,500 g. Birth asphyxia was defined according to Apgar scores and cord pH or the following criteria: (1) delayed crying for >5 minutes after the birth, (2) difficulty in respiration and baby turning blue and requiring oxygen therapy and/or lethargy. The following factors were also recorded in the present study: family history of CP (a relative with CP), maternal abnormal pregnancy history (spontaneous abortion, stillbirth, etc.), maternal pregnancy-related disease (gestational diabetes, gestational hypertension, intrahepatic cholestasis of pregnancy, or severe anemia), maternal mental stress during pregnancy, maternal infection during pregnancy, umbilical cord problems, multiple pregnancy, difficult labor, premature rupture of membrane, neonatal convulsion (attacks occurring within the first 48 hours after birth), and kernicterus.
Statistical analysis
Data analyses were performed using IBM SPSS 19.0 software. Categorical variables were expressed as percentages (%) and comparisons were performed using the Chi-square test or Fisher's exact test. Continuous variables were expressed as means and SDs or medians and interquartile ranges based on the data distribution.
Comparisons between continuous variables were performed using the Mann-Whitney test or the Kruskal-Wallis test.
Tests for trends across ordered groups were performed using the Wilcoxon rank sum test. Correlations between ranked variables were assessed using Spearman correlation tests. For all tests, p values <0.05 were considered significant.
Results
Demographics
Five-hundred and eighty-nine children were eligible for the study, of which 422 were included. A flowchart for the study is shown in Figure 1 . Characteristics of the 422 children with CP are shown in Table 1 . Fifty-four percent of the participants were boys and 46% were girls. The children were divided into five age groups in accordance with the GMFCS. Nearly half (48%) of the children were aged between 6 and 12 years. The mean age of the total population was 7.7 ± 3.8 years. The mean gestational age was 35.1 ± 4.1 weeks. The mean birth weight was 2.6 ± 0.7 kg. Seventy-five percent of the children were born in hospitals at or above county level and 23% were born in township hospitals. Two percent of the children were born at home.
Cerebral palsy subtypes
As shown in Table 2 , spastic diplegia was the most common subtype (35%) and was followed by spastic quadriplegia (22%), mixed (19%), spastic hemiplegia (14%), dyskinetic (8%), and ataxic CP (3%). Among the 79 children with mixed CP, 76% had both spasticity and dyskinesia, 8% had concurrent spasticity and ataxia, and 16% had all three conditions.
Motor function outcomes
Fifteen percent of the children were at level I in terms of gross motor function as assessed using the GMFCS, 30%
were at level II, 24% were at level III, 14% were at level IV, and 17% were at level V. As shown in Table 2 , most children with spastic hemiplegia had mild impairment (GMFCS I-II, 83%), but a small number had moderate (GMFCS III, 14%) or severe (GMFCS IV-V, 4%) impairment. A similar distribution of motor impairment was found in children with ataxic CP. In contrast, most children with spastic quadriplegia and mixed CP had severe gross motor impairment (60% and 52%, respectively), and few had mild impairment (22% and 25%, respectively).
Among the 343 children aged 4-18 years whose fine motor function was assessed, 24% were at level I, 28% were at level II, 22% were at level III, 15% were at level IV, and 11% were at level V. Mild fine motor impairment (MACS I-II) was present in most children with ataxic (92%) and spastic diplegia (81%) CP, but was rare among those with dyskinetic (20%) or mixed (24%) CP. On the other hand, severe fine motor impairment (MACS IV-V) was frequent in children with spastic quadriplegia (49%), dyskinetic (43%), and mixed (43%) CP, but was rare in children with spastic diplegia (7%) and absent in those with ataxic CP (Table I) .
Comorbidities
The frequencies and distributions of comorbidities according to clinical subtypes and GMFCS and MACS levels are shown in Table 3 . Cognitive impairment was the most frequent comorbidity, and was present in 60% of the children.
It was followed by language disorder in 41%, microcephaly in 35%, visual impairment in 29%, epilepsy in 25%, behavioral disorder in 19%, and hearing impairment in 1%. Cognitive impairment and language disorder were most frequent in children with dyskinetic CP, while microcephaly, visual impairment, and epilepsy were most common in those with spastic quadriplegia. Behavioral disorder and hearing impairment were most frequent in mixed type CP.
Cognitive impairment, language disorder, microcephaly, and epilepsy were all significantly more common in children with higher GMFCS and MACS levels.
We calculated the total number of comorbidities for each child and found that 21% of the children had no comorbidities, while 22% had one comorbidity, 19% had two, 17% had three, 12% had four, 6% had five, 3% had six, and 1% had all seven comorbidities. The distributions of cumulative comorbidities according to subtype and severity of motor function are shown in Figure 2 . Children with spastic quadriplegia, dyskinetic, and mixed CP had more cumulative comorbidities than those with other types of CP. For both gross and fine motor function, the number of cumulative comorbidities increased with the severity of motor impairment (Spearman correlation coefficient = 0.352, p < 0.001; Spearman correlation coefficient = 0.474, p < 0.001; respectively).
Risk factors
The prevalence rates of risk factors in this population are listed in Table 4 . Preterm birth (52%) was the most common risk factor and was followed by low birth weight (42%) and birth asphyxia (27%). The least common risk factor was bilirubin encephalopathy (1%). We found that most children younger than 4 years were term birth (61%), while most children aged 4 years and older were preterm birth (55%, p = 0.013). A significantly higher prevalence of low birth weight was also found in children older than 4 years (44% vs. 30%, p = 0.026). However, no difference was found in the distribution of CP subtype between the two age groups (p = 0.545). We also found no differences in the severity of CP as assessed using the GMFCS (p = 0.229) or the number of cumulative comorbidities (p = 0.461).
Discussion
The aim of this study was to fill the gap of knowledge regarding the clinical spectrum of CP in China. We studied characteristics of CP in a large sample with a broad age range using a uniform set of diagnostic criteria and reliable and valid classification systems. Spastic diplegia was the most common subtype of CP and about half of the children with CP had mild gross and fine motor impairment. Cognitive impairment, language disorder, and microcephaly were the most common comorbidities of CP. A heavy burden of comorbidities was observed in children with spastic quadriplegia, dyskinetic, and mixed type CP, and in those with severe motor function impairment. In addition, we found that preterm birth, low birth weight, and birth asphyxia were the most common risk factors in this population.
Initially, 589 children were registered as having CP in the branches of CDPF in Chengdu. Among the 559 children who participated in the study, 137 (25%) were discovered not to have CP. The most common misdiagnosed disorders were cognitive impairment, spinal diseases, and progressive motor disorders, which could be distinguished from CP by detailed medical history enquiry and physical examination. This may partly indicate an insufficient understanding of the conception and definition of CP among grassroots health workers in China.
The overall distribution of CP subtypes in this population was similar to that of other studies, with spastic CP being the most frequent, followed by dyskinetic and ataxic CP [6] . Spastic quadriplegia is generally the most common form of CP in other developing countries [19] [20] [21] . In contrast, we found that spastic diplegia was the most common subtype, which is the case in developed countries [8, 10, 22] , though some recent studies have found spastic hemiplegia to be the most common form of CP [11] .
The different distributions of CP subtypes may reflect differences in the level of healthcare. In developed countries, there was initially an increase in rates of CP with increased survival of extremely preterm infants. The rates and severities of preterm CP cases have decreased with improvements in perinatal care in the 1990s [23] . Himmelmann et al. [11] have reported a significant increase in term hemiplegia among children born between 2003 and 2006. The same is true in our study, as 45% of patients with CP were born at term before 2009, while this proportion increased to 61% in children born after 2009. Though the role of birth asphyxia in the causality of CP has been challenged in developed countries [24] , most studies in developing countries report relatively high birth asphyxia rates (35%-58%) as the primary etiology of CP [19, 21, 25] . In the present study, we also noted a high rate of birth asphyxia (27%). In addition, kernicterus was detected in 6 (1%) patients in our cohort, while this figure was higher in other developing regions, such as southern Iran (11.5%) [20] and Turkey (20%) [26] . In contrast, no cases of CP due to kernicterus have been reported in developed countries.
Another explanation for the differences in subtype proportions is that there have been essential discrepancies in the way that motor types have been identified among studies, especially in the classification of mixed CP. How mixed CP is assigned into motor type categories may make a difference in the proportions in each category. The presence of more than one type of motor abnormality is common in children with CP. In our study, 79 (19%) children were classified as mixed type and most children had both spasticity and dyskinesia, while some children even had three coexistent motor disorders. It is difficult to classify the predominant motor type in these children. Unfortunately, there are currently no consistent and reliable methods for deciding which motor type is the predominant one.
GMFCS and MACS levels in our cohort were relatively evenly distributed. Most children had mild gross and fine motor impairments (GMFCS levels I-II and MACS levels I-II). These distributions were similar to those observed in developed countries [7, 8, 10, 22] , although the proportion of mild CP was higher in developed countries (55%-70%). These proportions were significantly different from those in other developing countries, where severe motor impairment (GMFCS levels IV-V) is the most frequently assigned category. For instance, 46% of children with CP in Bangladesh [9] and 57% of children with CP in Botswana [21] are assigned to this category. Most children with hemiplegia were found to have mild gross motor impairment, children with diplegia were found to have mild fine motor impairment, and children with quadriplegia, dyskinesia, or mixed motor impairment had severe gross and fine motor impairments. Children with ataxia had mild gross and fine motor impairments. These findings are in line with those of previous studies [27, 28] .
The frequencies and distributions of various comorbidities were also documented for all children included in the study. Cognitive impairment was the most common comorbidity and was followed by language disorder and microcephaly. Nearly 80% of the children had at least one comorbidity. The comorbidity burden was not evenly distributed amongst the different CP subtypes. Children with spastic quadriplegic, dyskinetic, or mixed CP were more likely to experience more individual and cumulative comorbidities. Not surprisingly, children with severe motor impairment were also profoundly affected by more comorbidities. The results in our study are comparable to those of studies from developed countries [29] , with cognitive impairment observed in 30%-65% of patients, seizure disorders in 20%-50%, language disorder in 40%, behavioral disorder in 20%, and visual impairment in 10%-40%. The proportions of comorbidities in children with CP from developing countries are higher. For instance, 75.6% of children with CP in Kampala [4] and 82% of those in Botswana [21] have cognitive impairments, while speech problems were found in 83.7%
of children with CP in northern India [19] . This variability may result from different etiologies or severity of impairment, or from different diagnostic criteria or methods used.
There are several limitations to this study. First, we only enrolled children who were registered in the branches of CDPF in Chengdu. We may have thus missed patients with CP who did not seek institutional care. Second, some information was derived from parent interviews using questionnaires. This likely led to some recall bias. In addition, the cross-sectional design and lack of controlled groups limit the interpretation of the risk factors.
Conclusion
The frequency distributions of CP subtypes, motor function, and comorbidities in a Chinese population were similar to those in other studies from developed countries, but different from studies in other developing countries. 
